INTRODUCTION
In recent years, core-shell nanoparticles are finding widespread application in all fields. The necessity to shift to core/shell nanoparticles is the improvement in the properties. At a large scale, the industries that make most use of these materials are the chemical, mechanical, electronics and biomedical industries. They are used as catalysts, modifiers, fillers, thermal and mechanical property enhancers, sensor material due to high sensitivity to slight changes in parameter. The biomedical industry is the potential play field today 1, 2 . In some of nanocomposite, the core is coated with a polymeric layer because the polymeric will endow the hybrid structure with an additional function on top of the function/property of the core, hence synergistically emerged functions can be raised 3 . Polymeric core/ shell nanocomposite is the most commonly used transplant material. Core-shell structures serve a wide category of drug delivery application. The particles are biocompatible, have the ability to be conjugated to molecules without af-fecting the core and also can be used to encapsulate drugs 1 . Various micro/nano carriers, particularly nanoparticles and nanofibers, have become available for enzyme immobilization 4, 5 . Typically, smaller particles provide a larger surface area for the attachment of enzymes 6 and a shorter diffusional path for the substrates. Thus, nanostructured carriers have been utilized as carriers for enzyme immobilization 7 .
Chitosan as a biodegradable polymer was extensively used in several fields such as metal adsorption, enzyme immobilization and controlled drug delivery 8 . The amino groups in polymeric structure of chitosan have made it as a high capacity biological carrier for enzyme immobilization. Furthermore, chitosan is one of the best biological absorbent for the removal of heavy metals from industrial waste water treatment. Its various forms membrane, powder, fiber and prose especially in nano size increase the adsorption rate 9 12 .
industrial application, including food industry, detergent formulation and pharmaceutical industry 13, 14 . Recently, the expanding interest in lipase mainly lies on its application as a catalyst in transesterification reaction for biodiesel production. Although this reaction can be catalyzed by base or acid, but both of them have many disadvantages 15, 16 .
Lipase is a suitable substitute for both because lipase-catalyzed transesterification has many advantages such as decreasing process stages in biodiesel fuel production, low operation temperature and easy separation of the glycerol by-product without complicated operational stages. But production, separation and purification of lipase are expensive. Lipase activity and stability are improved and this can be used repeatedly by using enzyme immobilization. Therefore lipase can be used more economically and efficiently in aqueous and non-aqueous solvents. Lipases have been immobilized on different carriers to catalyze a variety of reactions 13 19 .
Magnetic carriers can be used as a superior support material because they are easily separated from reaction medium, and their use decreases the operating cost. The most important applications of magnetic carriers are in wastewater treatment, affinity chromatography, and immobilization of enzymes or other biomolecules 20, 21 . The magnetic nano particles may be a better choice because the magnetic separation is easier and generally avoids loss of particles 22 . The advantages of magnetic nano-carriers are high mechanical resistance, good thermal stability and resistance against chemical and microbial degradation. For selective binding of magnetic nano particles with crosslinking techniques by glutaraldehyde connections, the particles are placed in core and chitosan polymer covers the magnetic core through a coating process 2 . These magnetic nanoparticles can be used as a powerful carrier for enzyme immobilization.
The main goal of this project is synthesis of magnetitechitosan core-shell nanoparticles and immobilization of lipase on CMNPs carrier which can be applied as a catalyst. For this reason, the CMNPs were synthesized and lipase was immobilized on the particles. The characteristics of the particles before and after enzyme immobilization were determined. The activity of free and immobilized lipase was compared as well.
MATERIALS AND METHODS

Materials
Lipase from Burkholderia cepacia and chitosan polymers M w 200 kDa, deacetylating degree 65 were purchased from Sigma-Aldrich. Aqueous acetic acid Merck, Germany solution was used as solvent for the chitosan polymers and glutaraldehyde Merck, Germany was employed as cross-linker. Para-nitrophenyl palmitate pNPP , triton X-100, Arabic gum, FeCl 3 .6H 2 O, FeSO 4 . 7H 2 O, NH 3 , methanol tri-sodium citrate, hydrochloric acid HCl and sodium hydroxide NaOH were supplied by Merck Germany . Rice bran oil and soybean oil were prepared from domestic market and Novozym 435 was purchased from Novo Nordisk A.S., Denmark-Tehran Office. Deionized water was used in all the experiments.
Synthesis of Magnetic Fe 3 O 4 Nanoparticles
For preparation of 7.2 mM Fe III and 3.6 mM Fe II solutions, 0.194 g Fe III and 0.1 g Fe II were dissolved in distilled water and then their volume were reached to 100 ml separately. The amount of 25 ml from each solution was added to an oxygen free container while N 2 was flown in it. The solution was stirred for 30 s and then, 10 ml NH 3 was quickly added to solution. pH was adjusted at 9. After 45 min, the prepared nanoparticles were stuck to the magnet and were separated easily. Synthesized magnet nanoparticles were washed with distilled water at pH 7, and dried at 37-40 . The amount of 100 ml tri-sodium citrate solution 0.158 g, 5.4 mM was prepared. 0.01 g magnet nanoparticles were dissolved in 25 ml distilled water and combined with 25 ml tri-sodium citrate solution. The result solution was sonicated for 20 min 2 .
Synthesis of Chitosan Magnetic Nanoparticles CMNPs
One gram chitosan was dissolved in 100 ml of 1 acetic acid solution and stirred at 1000 rpm for 30 min at room temperature until the solution became clear. The resulting solution was sonicated Amplitude 60, Cycle 0.5 and then titrated by addition of hydrochloric acid or sodium hydroxide solution adjusted to pH 5 and filtered 0.2 μ mesh . For coating process, 1 ml nanomagnet solution was added to 15 ml distilled water and sonicated for 5 min. Then, chitosan solution was added and sonicated for 5 min. The resulting solution was clear.
Immobilization of lipase on CMNPs
Glutaraldehyde 480 μl, 25 v/v was added to 5 ml of double distilled water and 2 ml CMNPs solution was added under vigorous stirring. The excess of glutaraldehyde was removed by washing three times using centrifugation 10,000 g, 20 min and then placed in ice. One mg lipase 50 IU mg 1 was dissolved in 10 ml phosphate buffer at pH 7.4 and placed in ice. Under constant stirring at 1000 rpm, the cheered CMNPs-glutaraldehyde solution was added to the enzyme solution drop wise in 1 min. In this experiment, lipase was immobilized on the surface of CMNPs by cross linking and Schiff-base method 23 . Scheme 1 presents the preparation of CMNPs and lipase immobilization.
Electron Microscopy
The samples were dipped into liquid nitrogen for 10 min, and then freeze dried for 7 h in the freeze drier EMITECH, model IK750, Cambridge, UK . They were fixed on the aluminum stub and coated with gold palladium by Polaron machine model SD515, EMITECH, Cambridge, UK at 20 nm coating thickness. Finally the sample was examined by scanning electron microscopy SEM using Stereoscan model S360 brand SEM -Leica Cambridge, Cambridge, UK . The size and morphology of CMNPs with and without lipase were observed by transmission electron microscopy TEM Philips CM200 EFG, FEI Company, Eindhoven, Netherlands .
Atomic Force Microscopy AFM
AFM pictures were taken using an Autoprobe CP Research AFM system model AP-2001, Thermomicroscopes, USA . Samples were prepared by spreading a drop of nanoparticle solution on a degreased glass plate uniformly.
Fourier Transform Infrared Spectroscopy FTIR
Infrared spectra were recorded on a Rayleigh WQF-510 Fourier transform instrument. The samples were B. cepacia lipase, chitosan magnetic nanoparticles and chitosan magnetic nanoparticles after lipase immobilization, respectively.
Transestri cation reaction
The reaction mixture contained 50 mg oil, 0.9 w/w free or immobilized enzymes to oil, and different molar ratio of 3:1 methanol to oil by 3-stepwise addition strategy at 24, 48 and 72 h, and volume ratio of 2:1 tert-butanol to oil. The screw-capped bottles were incubated at 37 on reciprocal shaker with 300 rpm for 72 h.
Analytical methods
The fatty acid content of oil was measured by gas chromatography GC 21 . The methyl ester present in the reaction mixture was analyzed using a GC-3800CP gas chromatography system Varian Crop., Netherlands connected to a cpsil-5CB capillary column 0.32 mm 30 m, Varian, Netherland . Methyl heptadecanoate was used as an internal standard, 5 mg of which was mixed with 50 mg of crude product and 1 ml of hexane. Subsequently, 1 μl of the resulting solution was injected into the GC. The column temperature was held at 150 for 1 min and then subsequently raised to 200 at the rate of 20 /min, to 207 at the rate of 1 /min, to 300 at a rate of 30 /min and finally maintained at this temperature for 24 min. The temperatures for the injector and flame ionization detector FID were set at 270 and 300 , respectively. The activity of the free and immobilized lipase was determined by spectrophotometric determination of the hydrolysis products p-nitrophenyl palmitate pNPP , a wellknown procedure 24 . Briefly, Solution A contained pNPP dissolved in 10 ml of 2-propanol to concentrations of 16.5 mM, with a sonicator for 6 min at room temperature. Solution B for the pNPP assay consisted of 50 mM Tris HCI buffer pH 8.0 containing 0.4 w/v Triton X-100 and 0.1 w/v gum Arabic. The reaction mixture consisting of 1 part solution A and 9 parts solution B was prepared fresh before the assay. A 100 μl of an appropriate dilution of the enzyme solution was added to 900 μl of the reaction
Scheme 1 Schematic illustration for synthesis of CMNPs and lipase immobilization.
mixture. Absorbance was measured at 410 nm on a UV-Vis spectrophotometer Jenway 6505, UK . Standard solutions of p-nitrophenol pNP were prepared at 0.05 -5 mM to prepare a calibration curve. One unit of lipase activity was defined as the amount of enzyme that liberated 1 μmol pnitrophenol from pNPP, per min.
For protein determination, concentration of total protein was assayed according to the method of Bradford with Coomassie Brilliant Blue G-250 and BSA was used as the standard protein 25 .
In order to determine the optimal pH of the enzyme, the enzyme assay was carried out at different pH values 5.0-8.0 prepared by phosphate buffer at 40 . Optimal temperature was determined by a standard activity assay in the temperature range from 20 to 60 .
The kinetic parameters of K m and V m values of free and immobilized enzyme were obtained according to Lineweaver-Burk equation:
RESULTS AND DISCUSSION
Characterization of CMNPs
The morphology of the prepared nanoparticles was examined with TEM, SEM and AFM. As shown in Scheme 1, chitosan coats the magnetic nanoparticles, so it is expected to sphere or sphere like shapes are observed. TEM images shown in Fig. 1 , clearly indicated that the magnetic nanoparticles had spherical or ellipsoidal. This figure also showed that the produced nanoparticles had a reasonable size distribution.
The scanning electron micrographs of the CMNPs showed that they are approximately uniform spheres Fig.  2 . Wu et al 2009 fabricated the magnetic chitosan nanoparticles by crosslinking of chitosan by sodium tripolyhosphate and then precipitation of Fe OH 2 in presence of NaOH. They showed that these particles had nanometric spherical shapes 31 .
AFM picture indicated that no hair cracks or heterogeneity appears on the surface of chitosan nanoparticles Fig.  3 . The size distribution of nanoparticles was measured by Zetasizer. Figure 4 showed that the particles had the size range of 20-250 nm with average size of 100 nm. It seems that chitosan was aggregated physically, as observed in TEM micrographs, may be due to their small size and high surface energy.
As shown in Scheme 1, the surfaces of chitosan has amine groups which reacts with one of the aldehyde groups of the cross linker, glutaraldehyde. After enzyme immobilization, the amine groups of enzyme molecules are bound to another aldehyde group of glutaraldehyde through C N bonds. FT-IR spectra for CMNPs with and without enzyme are shown in Fig. 5 . For the chitosan magnetic nanoparticles, the broad absorption peak at 3440 cm 1 was described to the hydroxyl stretching group and also amine stretching group of chitosan spectra 5a . The absorption peak at 1636 cm 1 showed the N-H bending group of amine. After enzyme immobilization by using cross linker glutaraldehyde, the NHCO CHO bonds reacted to amine groups of enzyme. Therefore some amine groups were coated and the carboxyl groups of enzyme were exposed as shown in Scheme 1 . In the FT-IR spectrum of lipase-bound chitosan magnetic nanoparticles spectra 5b , the sample showed the broad absorption peak of OH stretch of carboxylic acid group at 2700-3600 cm 1 , indicated that the lipase was successfully bound to the chitosan magnetic nanoparticles.
Comparative study of free and immobilized lipase
The comparative study of free and immobilized lipase was down at different pH and temperatures using p-nitrophenyl palmitate as a chromogenic substrate. The effect of pH on the activity of both free and the immobilized lipase was checked in the pH range of 5-8 at 40 Table 1 .
The maximum activity was measured at pH 7 with free lipase. In contrast, when the enzyme was immobilized, the optimum pH was shifted to pH 7.5. A shift of the optimum pH value from 6 to 7 upon immobilization of Candida rugosa lipase onto porous chitosan beads was also observed by Pereira et al. 26 . A change of the optimum pH for porcine pancreatic lipase entrapped in carragenan beads was previously reported 27 . Ghamgui et al. reported the maximum activity of free lipase of Rhizopus oryzae at pH 8 28 . In contrast when the enzyme was immobilized, the optimum pH was shifted to pH 7. The optimal temperature dependence of the hydrolysis reaction of pNPP with the free and the immobilized lipases was studied. As shown in Table 2 , the optimal temperature for both was 40 temperature range from 20 to 60 . It was observed that increasing the temperature from 20 to 40 increased concomitantly the activity of both free and immobilized lipases Table 2 . At 40 , this activity reached its optimal value of 25.13 and 32.43 IU/mg with the free and the immobilized lipases, respectively. Therefore, the optimum temperature for both free and immobilized lipases was found to be 40 . Beyond 40 , the immobilized lipase seemed interestingly to display higher activities than the free one. Ghamgui Fig. 6 . Ratio of V m to K m was defined the catalytic efficiency of enzyme. This ratio for free and immobilized lipase was determined as 27.50 and 20.2, showing decrease of activity of enzyme due to immobilization.
Biodiesel production
Transestrification reaction was performed using free and immobilized lipase based systems S1, S2, S3, S4 and S5. In S1, S2 and S5 systems, transesterification reaction of rice bran oil was carried out by Novozym 435, free lipase and B. cepacia lipase immobilized on CMNPs, respectively. S3 and S4 were performed in presence of soybean oil by using free and immobilized lipase, respectively. Yield of biodiesel production from these five systems S1-S5 were 31.90 , 22.54 , 28.35 , 18.66 and 18.47 , respectively. The results showed that the enzyme immobilization on CMNPs did not remarkably decrease the activity of lipase. However, the methyl ester content obtained in presence of Novozyme 435 was more than that of CMNP s. This may be due to the cross linker glutaraldehyde which decreases the enzyme activity.
CONCLUSIONS
The present study investigated the preparation of CMNPs as novel core-shell nanoparticles which was applied for lipase immobilization. Because of magnetic properties of nanomagnets which are located in the core of nanoparticles, separation of nanocarrier by magnet is easily possible. Furthermore, polymeric and hydrophilic properties of chitosan coated as a shell around the magnetic core makes CMNPs as a suitable support for immobilization of the protein lipase by glutaraldehyde. This strong link between lipase enzyme and nanocarrier has an important role in enzyme immobilization and in addition can increase the enzyme absorption rate and enzyme loading.
The results indicated that the biological activity of the enzyme improved while immobilized on CMNPs. We introduce CMNPs as a novel and suitable support for enzyme immobilization for different applications in the field of biotechnology, biomedicine and environment because they are cost effective, easy to prepare and handle, safe and biocompatible.
Fig. 6
Lineweaver-Burk plots for a) free enzyme and b) immobilized enzyme on CMNPs in presence of p-nitrophenyl palmitate as substrate of lipase enzyme.
